Summary Meiotic studies were made in 23 populations referable to nine species included in two genera Atrichum and Pogonatum of the family Polytrichaceae. Presently, four species (P. microstomum, A. flavisetum, A. pallidum, and A. subserratum) are observed to occur as diplomonoecious and the remaining species (P. himalayanum, P. neesii, P. perichaetiale, P. urnigerum and A. undulatum) as haplodioecious. In P. neesii aneuploid (n=8) and triploid (n= 21) numbers are recorded for the first time, and in Atrichum n= 14 is reported for the first time in A. flavisetum and A. pallidum.
The Eastern Himalayas, considered as one of the botanical hotspots of the Indian subcontinent, is rich in bryophytes. The family Polytrichaceae includes 436 species belonging to 23 genera (Buck and Goffinet 2000) . The cytological studies were undertaken in order to determine cytological variability in the evolutionary pool for biodiversity in widely different populations of various species. Pogonatum P. Beauv. consisting of 199 species (Gangulee 1969 ) is worldwide in distribution. In India, 28 species are reported from eastern Himalayas (Gangulee 1969) and six in the western Himalayas (Chopra and Kumar 1981) . The genus Atrichum P. Beauv. includes 37 species (Fritsch 1991) . In India, its five species are reported from eastern Himalayas (Gangulee 1969) and five from western Himalayas (Chopra and Kumar 1981) . The cytological data are available for 30 species of Pogonatum, out of which 14 are reported from India, and for 12 species of Atrichum out of which five are reported from India. The area surveyed presently has received no cytological attention so far. It was, therefore, considered desirable to undertake the cytological study. The results reported herein are based on our cytological observations in 23 populations belonging to nine species.
Materials and methods
The materials were collected from Shillong, Mawsynram, Sikkim, and Darjeeling in the eastern Himalayas in the month of September 2016. The cytological observations were made in 23 populations of nine species belonging to two genera collected from the temperate and cold regions of Eastern Himalayas (Table 1) . The green capsules with brown annulus were fixed in acetic ethanol (1 : 3) for examining the meiotic cells in the sporogenous tissue using a squashing technique (Kapila 2016) . The voucher specimens of the studied taxa are deposited in the herbarium of Department of Botany, Panjab University, Chandigarh, India (PAN).
Results
Pogonatum himalayanum Mitt. is recorded only from the Himalayas. The studied population was found to be dioecious. The chromosome number, n=7 was observed at metaphase I which is identical with the previous counts (Fritsch 1991 , Maniselvan and Kumar 2000 , Uniyal 2004 ). The chromosome complement included two relatively larger bivalents (Fig. 1A) . The remaining bivalents showed a gradation in size.
P. microstomum (Schwägr.) Brid. is commonly found in India. Of the four populations studied, three were dioecious and showed seven bivalents at metaphase I. Several other authors (Fritsch 1991 , Maniselvan and Kumar 2000a , Uniyal 2004 ) have also reported the same chromosome number in this species. The chromosome complement showed two large and five small bivalents (Fig. 1B) . The population collected from Darjeeling was monoecious and it showed n=14 which is in conformity with some other studies (Fritsch 1991, Maniselvan and Kumar 2000a) . The chromosome complement included 14 bivalents, including six large bivalents (Fig. 1C) .
P. neesii (Müll. Hal.) Dozy. is endemic in India. Seven populations were studied, out of which three from Mawsynram, Shillong, and Sikkim showed n=7 ( Fig. 1D ) which is in conformity with previous reports (Fritsch 1991 , Uniyal 2004 . Two populations from Shillong and Darjeeling showed n=14 (Fig. 1G ) which is in conformity with the previous report (Gangulee and Chatterjee 1962) . In one of the Shillong populations (Shillong Peak) n=21 was counted ( Fig. 1H ) and in another one (Elephant Falls) n=8 (Fig. 1E, F) was observed at metaphase I and anaphase I. The viability of the spores resulting from the sporocyte with n=8 has not been confirmed. In the haploid population n=7 (Fig.  1D) , one bivalent showed precocious disjunction. In the population with n=21 (Fig. 1H) , the six bivalents were relatively large. P. perichaetiale (Mont.) A. Jaeger shows chromosome number of n=7 in Sikkim population (Fig. 1I) which is in conformity with previous reports (Fritsch 1991 , Uniyal 2004 . The four bivalents were relative of large size, well spread and stained. One of the bivalents showed a tendency towards precocious disjunction.
P. urnigerum (Hedw.) P. Beauv. observed was dioecious. The chromosome number in the studied species n=7 was observed which substantiates the previous reports (Fritsch 1991 , Sha et al. 2003 , Uniyal 2004 . One bivalent in the chromosome complement showed precocious disjunction (Fig. 1J) .
Atrichum flavisetum Mitt. is restricted to the Himalayas. The chromosome count n=7 ( Fig. 2A) in Shillong population which is in conformity with previous reports (Fritsch 1991) . The Mawsynram population showed n=14. The chromosome complement, at metaphase I, included six large bivalents (Fig. 2B) .
A. pallidum Ren. & Card. collected from Sikkim and Darjeeling showed n=14. The bivalents were nearly of the same size (Fig. 2C) .
A. subserratum (Harv. & Hook. f.) Mitt. from Shillong (Elephant Falls) and Sikkim (Namchi), presently investigated, showed n=7. The chromosome number is the same number reported in the previous report (Kumar and Anand 1968) . There were four large and three smallsized bivalents observed in the Shillong population (Fig.  2D) , however, the Sikkim population showed relatively two large bivalents in the chromosome complement (Fig.  2E ) and the micronuclei was also observed (Fig. 2F) . Another Sikkim population (Samdruptse hill) showed n=14 (Fig. 2G) which is in conformity with the previous report (Chopra and Bhandari 1959) . The bivalents were well spread and there was laggard formation at anaphase I (Fig. 2H) .
A. undulatum (Hedw.) P. Beauv. is commonly found in the Himalayas and was sexually monoecious. In the Sikkim population, the seven bivalents were darkly stained, well spread and of the same size, two showing precocious disjunction (Fig. 2I) . The chromosome number n=7 is in conformity with earlier reports (Fritsch 1991 , Yu et al. 1997 , Du et al. 2001 . The plant material collected from Shillong peak proved to be triploid with n=21 (Fig. 2J ). This report is in agreement with the previous reports (Fritsch 1991 , Uniyal 2004 . The bivalents were easily separated at metaphase I. The laggards ( 2K) and triads ( Fig. 2L) were also observed.
Discussion
Of the various chromosome numbers, n=7 is the most prevalent chromosome number found in 88% of the cytologically known species in family Polytrichaceae (61 out of 69 species). Of the known species of Pogonatum, only 15% and of Atrichum, 31% have received cytological attention so far (Fritsch 1991) . In the present study, eight out of nine species showed n=7 as reported by several authors (Fritsch 1991) . Thus, n=7 is the basic chromosome number for this family.
Presently, polyploidy is observed to be prevalent in the Atrichum (n=14 observed in A. flavisetum, A. pallidum and A. subserratum, and n=21 in A. undulatum) as well as Pogonatum (n=14 in P. microstomum, n=21 in P. neesii) indicating its role in the evolution and speciation in both the genera (Maniselvan and Kumar 2000a, b) .
In A. undulatum, three cytotypes n=7, n=14 and n=21 exist (Fritsch 1991) . These cytological forms are, however, separable by morphological features (Noguchi and Osada 1960), whereas in, P. microstomum, morphological difference was not observed among the haplo-dioecious and diplo-monoecious populations. The species with n=7 are dioecious, while those with n=14 are monoecious which indicates that the sexual nature of the species is linked with the haploid and diploid nature of the taxon. Six out of nine species showed the tendency towards early disjunction of the chromosomes. Laggards were observed in A. subserratum and A. undulatum which are the potential source for aneupolidy in bryophytes. Micronuclei formation was also observed in A. subserratum. Triads were observed in A. undulatum, which may lead to the formation of diploid spores which if viable can give rise to polyploidy gametophytes.
